Intracranial aneurysms are a weakened arterial wall due to loss of internal elastic lamina resulting in dilations of the intracranial arteries and these aneurysms are susceptible to rupture, resulting in lifethreatening hemorrhage; therefore represents chief cause of hemorrhagic stroke. Rhoton rules are used for the planning the operative approach to these aneurysms.
INTRODUCTION
A weakened arterial wall due to loss of internal elastic lamina resulting in dilations of the intracranial arteries, this dilatation is called intracranial aneurysm. These intracranial aneurysms are susceptible to rupture, resulting in life-threatening hemorrhage (1, 2) . These aneurysms represent the chief cause of hemorrhagic stroke with overall incidence of 0.4%-6% from the general population (3, 4) . Up to 15% of cases with intracranial bleeds from ruptured intracranial aneurysms die before reaching hospital in the United Kingdom with the majority of survivors have a significant morbidity (5) .
Saccular aneurysm is the most common type of intracranial-aneurysms, this represent a localized ballooning of the arterial wall with a well-defined aneurysmal dome and neck (6) . The likelihood intracranial aneurysm rupture correlated to multiple changeable and non-modifiable risk factors. Of these factors, the aneurysm shape and geometrical anatomy are of pivotal role.
Literatures studied the shape and geometrical aspects of the intracranial aneurysm include several parameters like thevolume (7) , shape (8) , aspect ratio (9, 10) , size ratio (11, 12) , and aneurysm inflow-angle (13) and the significance of them as a predicting factors for the rupture of intracranial-aneurysms. However, most of these studies are still conflicting and lacking the specificity for the location of intracranial aneurysms (14) .
Dr. Albert Loren Rhoton, MD, (1932 -2016 , a pioneer of micro-neurosurgical anatomy, he studiedthe brain's anatomy in new concepts, he published more than 500 articles. Dr. Rhoton hosted many surgical techniques and new research ideas, along with new microsurgery instruments, through studying and teaching microsurgical anatomy and the influence is one of thecornerstones in the history of neurosurgery, leadingto safer and gentler surgical techniquesdid byneurosurgeons all over the world (15) (16) (17) .
In 1979, Rhoton presented three rules related to the anatomy of saccular aneurysms that should be deliberated when planning the operative approach to these lesions. He subsequently added a fourth rule.
Rhoton presented four rules about aneurysms as following:
i.
Rule Ι: aneurysms that arise at branching sites on the parent artery, which may be a side branch or a bifurcation.
ii.
Rule ΙΙ: aneurysms arise at turns or curves in the outer wall of the artery where hemodynamic stress is greatest.
iii.
Rule ΙΙΙ: aneurysms point in the direction that blood would have gone if the curve at the aneurysm site was not present.
iv.
Rule ΙѴ: each aneurysm is associated with a set of perforating arteries that needs to be preserved ( Figure 1 ) (18, 19) .
In this review, we evaluate the validity of the Rhoton's rules for intracranial aneurysms in a series of randomly chosen aneurysm patients. We systematically assessed the correspondence on a series of untreated intracranial aneurysms in order to establish which subgroup more accurately complies with these rules.
MATERIAL AND METHODS
A retrospective series of 283 aneurysms diagnosed by CT angiography with 3D reconstruction were included. The aneurysms were assessed in order to evaluate if the aneurysm: 1) arise at a branching site, 2) located at the outer wall of a turn or a curve, 3) pointed in the direction that the blood would have gone if the 
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curve at the aneurysm site were not present, 4) was contiguous to a set of perforating arteries. We classify the aneurysms studied according to the location (L) into: L1: Acom, L2: Pcom, L3: ICA bifurcation, L4: MCA bifurcation, L5: Basilar tip and for the four rules (the first was abbreviated R1 and thus successively). For each aneurysm, we studied if each rule was fulfilled or not.We exclude cases of aneurysms located in other rare locations within the cerebral circulation. We analyzed the databy using Statistical Package for Social Sciences (SPSS, version 19). Digitalsubtraction angiography was obtained by using Siemens Artise Zee software andToshiba Aquilion one 320 CTA. All measurements were obtained independently by three independent experienced reviewers (consultant radiologists). 
RESULTS
Of the 283 patients studied, we found 127 aneurysms at the anterior communicating artery (location 1), 80 at the posterior communicating artery (location 2), 37 at the bifurcation of the internal carotid artery (location 3), 21 at the middle cerebral artery (location 4), and 18 in the posterior circulation (location 5). The following patterns were obtained:All R for different L(L1 83%, L2 90%, L3 81%, L4 81%, L5 83%)( Table 1, 2).
The main predictive factors were: location, age, sex, aneurysm side (R vs L), aneurysm dome size, aneurysm neck size (table 3 and 4 ). The aneurysms studied according to the location (L) into: L1: Acom, L2: Pcom, L3: ICA bifurcation, L4: MCA bifurcation, L5: Basilar tip 
DISCUSSION
Dr. Rhoton thinks that the continuous development of diagnostic and therapeutic technologies should be in the direction of improvement of the neurosurgeons understanding of anatomy (17) .
We evaluate the validity of the Rhoton's rules for intracranial aneurysms in a series of 283 randomly chosen aneurysm patients.
Aneurysm location:
The four intracranial aneurysms rules of Rhoton are applicable to the majority of the 283 patients studied. with intracranial aneurysms showed an association of more than 80% in all aneurysms locations with the highest association (90%) is demonstrated in posterior communicating artery aneurysm (location number 2) (table 2).
Patient age: Analysis of the patient's specific parameters in relation to the presence of the four rules of
Rhoton showed that patient age between 31-50 years demonstrated high associated of the four rules together (91%) while it is less associated with patients aged between 10-30 years (67%). This observation may reflect the congenital nature of the intracranial-aneurysms and the tendency of the aneurysm to follow the Rhoton's physiological rules more as they grew with age (table 3) .
Patient sex:
The presence of the four rules of Rhoton found more in male in our patients 90%, while only 73% in female patients. this may be specific to the tested population in Iraq because up to 99% of our patients were of specific ethnic distribution (80% Arabs, 15% Kurds, 5% Others-Turkmen and Chaldo- 
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Assyrians) (20) , but this observation may be correlated to the sample size and should be further evaluated in larger sample and in other population too.
Aneurysm side:The four rules of Rhoton found to be not related to the side in our series (right 84% and left 86%) and even where the side in not applicable (as in case of basilar artery aneurysm as it is located in the midline), we found an approximately similar percent for the association with the four rules (83%).
Aneurysm dome size:Our study demonstrates more association with the four rules of Rhotonin patients with large size aneurysm's dome (13 -24mm) (97%), while it is only 77% in cases of giant size aneurysm's dome (≥ 25 mm), this observation is readily understandable because in cases of giant aneurysm with its anatomical complexity, the aneurysm cannot be fit for most of the rules.
Aneurysm neck size:
The neck size was not related to the application of the four rules as our series demented a comparable frequency (83% for aneurysm neck less than or equal to 4 mm and 86% for those more than 4 mm)
Thus, our study demonstrates that all the four Rhoton'srules for intracranial aneurysms were applicable in more than 80% of the Iraqi patients and the posterior communicating artery location of the aneurysm, patient age between 31-50 years, male gender, and large size aneurysm's dome (13 -24mm) subgroups demonstrate the highest associations with the studies hemodynamic rules.
CONCLUSION
The rules of Rhoton is a heterogeneous concept which summarizes several hemodynamic principles and is verified in 80% of aneurysms in Iraqi patients, with different frequencies depending on the rule and location. These findings should be verified in other populations, as our patients are of Hispanic origin in 99,7% of the cases.
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